Regulation of cytosolic calcium by cAMP and cGMP in freshly isolated smooth muscle cells from bovine trachea.
The regulation of the cytosolic calcium concentration was investigated in freshly isolated adult bovine tracheal smooth muscle cells using fura 2. These cells contain 1.1 and 1.8 pmol of cGMP kinase and cAMP kinase per mg protein, respectively. Carbachol, histamine, serotonin, isoproterenol, and salbutamol increased the cytosolic calcium in a dose-dependent manner from 79 nM to about 650 nM. Preincubation of these cells for 20 min with isoproterenol, forskolin, 8-Br-cAMP and 8-(4-Cl-phenyl)thio-cAMP did not lower carbachol-induced increases in cytosolic calcium concentration, whereas the phorbol ester 12-O-tetradecanoylphorbol 13-acetate, the atrionatriuretic factor, isobutylmethylxanthine, and 8-Br-cGMP lowered cytosolic calcium. The active fragment of cGMP kinase, but not the catalytic subunit of cAMP kinase lowered carbachol-induced calcium levels. Carbachol released calcium from intracellular stores and increased calcium influx from the extracellular space. The influx was inhibited by preincubation with the calcium channel blockers nitrendipine or gallopamil. Both carbachol-stimulated pathways were suppressed by 8-Br-cGMP. Isoproterenol increased only the influx of calcium from the outside by a channel which was blocked by calcium channel blockers or 8-Br-cGMP. Forskolin and 8-Br-cAMP lowered carbachol- and isoproterenol-stimulated increases in calcium when added shortly before or after the addition of the agonist. In addition, isoproterenol decreased carbachol-stimulated calcium levels when added 10 s after carbachol. The calcium stimulatory effect of isoproterenol was abolished by preincubation of the cells with pertussis toxin or cholera toxin. These results show (a) that the beta 2-adrenoceptor couples in isolated tracheal smooth muscle cells to a dihydropyridine- and pertussis toxin-sensitive calcium channel; (b) that the same channel is opened by carbachol; (c) that cGMP kinase is very effective in decreasing elevated cytosolic calcium concentrations, whereas cAMP-dependent protein kinase has a variable effect on stimulated cytosolic calcium levels.